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pObjective: To derive EuroQol five-dimensional (EQ-5D) health states
values from the Thai general population. Methods: Forty-eight trained
individuals successfully conducted interviews with a representative
sample of 1409 respondents in 2007.A total of 12 sets of health stateswere
used with one set allocated to each respondent. A respondent was re-
quested to assign values for 11 states using the ranking and visual ana-
logue scale methods and 10 states using the time trade-off method. The
variables from the three existing models were used in model specifica-
tions and the best model was chosen on the basis of the extent of logical
inconsistency in the estimated scores, predictive performance, parsi-
mony, and sensitivity to changes in health. Results: Eighty-six health
tates were valued. The mean age of respondents was 44.6 years old.
he highly consistent respondents tend to give higher scores for mild
e, M
al So
doi:10.1016/j.jval.2011.06.005tates and lower scores for severe states, compared with those given by
he highly inconsistent respondents. The bestmodel used variables from
he Dolan 1997 study and estimated from the scores given by the respon-
ents with fewer than 11 inconsistencies. The estimated scores are com-
letely consistent, R2 is 0.448. The secondhighest scorewas 0.766 given to
state 11112 and the lowest score was –0.454 for state 33333.
Conclusion: Values for EQ-5D health states were estimated from the
Thai general population. This is the first Thai generic health state value
results to be used in evaluating health interventions in Thailand.
Keywords: EQ-5D, health state value,model specifications, time trade-off.
Copyright © 2011, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.Introduction
Assessments of the cost-effectiveness of alternative health tech-
nologies require a means of valuing different health states [1–4].
urrent practice suggests that values derived from the general
ublic are more appropriate than those from patients [5–8]. In the
bsence of such values derived from a particular population, it is
learly possible to use values established in a different country.
evertheless, it seems likely that marked socioeconomic and cul-
ural differences between countries may limit the transferability
f social values. For this reason this study derives health state
alues from the adult general population in Thailand for use in
conomic evaluation of health care interventions.
The EuroQol five-dimensional (EQ-5D) questionnaire was cho-
en as a descriptive system because it is very widely used and
here is a large evidence base supporting its use in several coun-
ries and with respect to many health care interventions [9–13]. In
ddition, the methods for valuing EQ-5D health states are well-
stablished and have been applied in several countries [6,14–25].
This study derives health state values from the Thai general
opulation. The precise methods used to establish a social tariff
or Thailand are described in the next section. This is followed by
ome details regarding the data collection. A particular issue high-
ighted below arose as a result of quite high rates of logical incon-
istency among sections of the respondents. Three existing statis-
ical models were compared in order to develop an algorithm. The
* Address correspondence to: Sirinart Tongsiri, Faculty of Medicin
44000 Thailand.
E-mail: stongsiri@yahoo.co.uk.
1098-3015/$36.00 – see front matter Copyright © 2011, Internation
Published by Elsevier Inc.preferred algorithm is presented and its appropriateness for use in
Thailand is discussed.
Data
Respondents in the study were randomly selected by the National
Statistical Office of Thailand, using a four-stage stratified sam-
plingmethod. Seventeen of 76 provinces, including Bangkok, were
randomly selected. Blocks were randomly selected from munici-
pal areas and villages from nonmunicipal areas. Households were
randomly selected from blocks or villages using the probability
proportional to size method. Finally, family members were ran-
domly selected from the chosen households. From May through
August 2007, face-to-face interviews were conducted in 17 prov-
inces in Thailand by 48 trained interviewers.
Although there is no agreement on how to handle logically
inconsistent responses, there are good reasons for doing nothing
about them [14,26–29]. If the original sample was drawn to be
representative of the population, exclusion of the most inconsis-
tent individuals may make the sample less representative. Exclu-
sion of course reduces the sample size. Any exclusion rule will be
arbitrary. In the case of the Thai data following the standard ex-
clusions (all states valued identically and too few states valued),
the remaining sample exhibited a high overall rate of inconsis-
tency, with a number of individual respondents being extremely
inconsistent. Depending on which set of health states the individ-
ual was assigned there was the potential to be inconsistent in
ahasarakham University, Tambon Talad, Muang, Mahasarakham
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gave responses that implied an inconsistent pairwise valuation in
25% of the opportunities to be inconsistent. The actual number of
inconsistencies ranged from 0 to 29.
Respondents are expected to makemistakes and onemanifes-
tation of this will be responses which imply higher valuations for
poorer health states. Thus, it is not appropriate to claim that only
those providing very few inconsistent responses are providing
valid information on their preferences. Individuals whose choices
imply very high levels of inconsistency are assumed not to have
understood the task or to have been inadequately engaged in the
task; thus, their responses are less likely to be a good guide to their
preferences over health states. Clearly some individualsmay have
supplied data of questionable quality and to include these data in
the derivation of a social tariff could result in less valid health
state valuations. The inclusion of the most inconsistent respon-
dents lowers the mean scores given to mild health states and raises
themean scores given tomore severe health states [27]. It is possible
to believe that those with 0 to 5 implied inconsistencies understood
and were engaged in the task compared with those displaying 16 or
more inconsistencies. Nevertheless, there is no wholly satisfactory
way in which to determine where to set the dividing line. The one
chosen here, 11 and 11, distinguishes between a low inconsis-
tency group averaging 5 inconsistencies and a high inconsistency
group averaging 15 inconsistencies. Following standard exclusions,
this led to 18.9% of the sample being dropped.
Methods
A pilot study suggested that Thai respondents could manage to
value a maximum of 11 health states. Health states were selected
by dividing the 243 states into mild, moderate, and severe health
states. Mild states are those without level 3 in any dimension and
with level 2 for up to three dimensions. Severe states are those
without level 1 in any dimension and with at least two at level 3.
The remaining states are regarded as moderate. If the distance of the
states from state 11111 is calculated for each dimension and the
differences summed, mild states are those with a summed differ-
ence of 1 to 3, differences of 4 to 6 aremoderate, and differences of
7 to 9 are severe. Three states were randomly selected (one for
each difference level), without replacement from each group, to
form a set of health states. It was necessary to repeat a small
number of mild health states. This process resulted in 86 health
states classified into 12 sets (11 states for each set including 11111
and 33333) and one set was used per interview. Respondents were
asked to value 11 health states using the ranking and visual Ana-
logue scale methods and 10 states using the TTO method. Each
health state was printed on a laminated card and presented to the
respondent. The respondent was asked imagine themselves being
in the state for 10 years and then dying. The respondent was first
asked to rank the 11 health states, and then to score each state
where 0 represented the worst imaginable state and 100 the best
imaginable state. Finally, the respondent was asked how many
years of life they would be willing to give up in order to be in
perfect health (TTO).
Three models used previously to develop algorithms to value
EQ-5D stateswere compared, namely Dolan (1997) [15], Dolan et al.
(2002) [16], and Shawet al. (2005) [17]. Four criteriawere considered
relevant to the selection of the preferred model: logical consis-
tency; predictive performance; parsimony; and sensitivity to
changes in health. Of these the logical consistency of the resulting
health state valuations was considered of greatest importance.
Predictive performance was assessed by randomly assigning two
thirds of respondents to a modeling sample and one third to a
validation sample. Root mean square error and mean absolute
differences were used to assess model performance [30]. In addi-
tion, the number of times absolute differences between predictedand absolute values exceeded 0.1 were identified. Cohen effect
size was used to provide an indication of responsiveness to
changes in health [31].
Estimation methods followed the original authors, that is, the
Dolan [15] and Dolan et al. [16] models were first estimated using
the ordinary least squares (OLS) model and then the fixed effects
(FE) and random effects (RE) models. The Shaw et al. [17] model
was estimated first by OLS and then the feasible generalized least
squares (FGLS) model. After identifying a preferred model, the full
sample was then used to estimate the coefficients to provide the
scoring algorithm.
Results
AHausman test indicated that, in the case of the Dolanmodel, the
RE model was more efficient than the FE model. All coefficients
were the expected signs and statistically significant with the excep-
tion of the coefficients for self-care (s2) and usual activities (u2). The
nonsignificance of these coefficients implies that the difference be-
tween levels 1 and 2 is similar to the difference between levels 2 and
3 for self-care and usual activities. The nonsignificant variableswere
dropped and themodels were re-estimated. In the case of the Dolan
et al. [16] model, a Hausman test again indicated that the RE model
was preferred to the FE model. All coefficients were the expected
signs and statistically significant. The coefficients of all of the vari-
ables in the Shaw et al. [17] model were statistically significant with
the exception of one of the interaction terms (i3). This term was
dropped and the model re-estimated. The parameter estimates for
the three models are presented in Table 1.
The Dolan model from 1997 [15] is preferred because it performs
estwith respect to logical consistency, predictive performance, and
arsimony, and is comparable to the other models in terms of re-
ponsiveness. The Dolan model is the only model producing scores
ith no logical inconsistency. There were 37 logically inconsistent
alues identified in the scores estimated from the Shaw et al. [17]
odel and 15 inconsistencies from the Dolan et al. [16] model.
The ability of the Dolan [15] and the Dolan et al. [16] models to
predict themeanhealth state scores in the validation samplewere
comparable and better than the Shaw et al. [17] model. Out of 86
states, 28 states have the absolute difference between the esti-
mated and mean scores larger than 0.1 estimated from the Dolan
[15] model, 30 states from the Dolan et al. [16] model, and 59 states
from the Shaw et al. [17] model. The root means squared errors
(RMSE) and themean absolute differences (MAD) are the lowest for
the Dolan model of the three models.
Cohen effect size is similar between theDolan [15] andDolan et
al. [16] models. The effect size is lowest in the Shaw et al. [17]
model. The Dolan et al. [16] model estimates the highest score for
the best ill health state (11112) and the lowest score for the worst
state (33333). Note that the Shaw et al. [17] model estimates the
lowest score for state 33232 rather than for state 33333.
The Thai algorithm
The Thai model is estimated from the full sample (combining the
modeling and validation samples) using the Dolan (1997) [15]
model. The coefficients and their 95% confidence intervals for the
Thai model and the Thai preference scores for all 243 states are
available from the authors. Thai preference scores are calculated
from the following algorithm. The variables are defined in Table 1.
Thai score 1 0.202 (0.121 *mo) (0.121 * sc) (0.059 * ua)
 (0.072 * pd) (0.032 * ad) (0.190 *m2) (0.065 * p2)
 (0.046 * a2) (0.139 *N3)
wheremo ismobility, sc is self-care, ua is usual activities, pd is pain
and discomfort, and ad is anxiety and depression. Variablemo is 1
d
s
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variable sc is 1 if self-care is level 2, 2 if self-care is level 3, 0
otherwise; ua is 1 if usual activities is level 2, 2 if usual activities
is level 3, 0 otherwise; pd is 1 if pain and discomfort is 2, 2 if pain
and discomfort is 3, 0 otherwise; ad is 1 if anxiety and depres-
sion is 2, 2 if anxiety and depression is 3, 0 otherwise. Variable
m2 is 1 if mobility is level 3 and 0 otherwise; p2 is 1 if pain and
discomfort is level 3 and 0 otherwise; a2 is 1 if anxiety and
epression is level 3 and 0 otherwise; and N3 is 1 if any dimen-
ion is level 3 and 0 otherwise.
Discussion
This study estimates health preferences from the Thai general
Table 1 – Parameter estimates and fit statistics of the three
Dolan 1997 model [15] Dolan et al. 20
Variables Coeff. SE Variables C
mo 0.121 0.012 difmob1
sc 0.121 0.007 difmob2
ua 0.059 0.007 difsc1
pd 0.072 0.012 difsc2
ad 0.032 0.012 difua1
m2 0.190 0.018 difua2
p2 0.065 0.019 difpd1
a2 0.046 0.019 difpd2
N3 0.139 0.016 difad1
_cons 0.202 0.015 difad2
ANY13 
_cons 
Mean score of state 33333 
R2 (overall) 0.448
RMSE 0.102
MAD 0.080
Number of states with absolute difference 0.1
28 3
Number of logical inconsistencies in the estimated 243 states
0 1
Cohen effect size
1.084
Scores for state
11112 0.766
33333 0.452 
Notes:
NA, not applicable; RMSE, root mean squared errors; MAD, mean abs
mo  1 if mobility is level 2, 2 if mobility is level 3, 0 otherwise; m2 
is level 3, 0 otherwise; ua1 if usual activities is level 2, 2 if usual activ
and discomfort is level 3, 0 otherwise; p2 1 if pain and discomfort is
and depression is level 3, 0 otherwise; a2 1 if anxiety and depressio
difmob1  1 if mobility is at level 2, 0 otherwise; difmob2  1 if
otherwise; difsc2 1 if self-care is at level 3, 0 otherwise; difua1 1
is at level 3, 0 otherwise; difpd1  1 if pain and discomfort is at
otherwise; difad11 if anxiety and depression is at level 2, 0 otherw
1 if at least one dimension is at level 1 and at least one dimension
m1 1 ifmobility is at level 2, 0 otherwise;m2 1 ifmobility is at leve
is at level 3, 0 otherwise; u1  1 if usual activities is at level 2, 0 other
discomfort is at level 2, 0 otherwise; p2  1 if pain and discomfort i
otherwise; a2  1 if anxiety and depression is at level 3, 0 otherwise
dimensions of level 2, minus 1, if no level 2 i2 0; i22 square of i2; i3 th
i3  0; i32 square of i3.population. Face-to-face interviews were successfully conductedin a representative sample of the Thai general population; how-
ever, those aged 60 years and over were under-represented (10.4%
vs. 14.2%), and those with only primary education and those living
in urban areas were over-represented (34.6% vs. 30.7% and 63.8%
vs. 58.0%). Nevertheless, respondents from every walk of life from
all over the country were reached by the research team.
It has been assumed that the EQ-5D is a relevant descriptive
system for health states in Thailand [13,32,33]. There are two
strong reasons for using it: there is considerable experience with
valuing EQ-5D health states, and much evidence is available in
terms of effectiveness of interventions using the EQ-5D. The first
makes this valuation study less experimental and the second al-
lows Thai evaluations to draw on evidence frommany other coun-
tries. Clearly it may be possible to develop a better descriptive
rnative model specifications.
odel [16] Shaw et al. 2005 model [17]
. SE Variables Coeff. SE
0.012 m1 0.289 0.008
0.014 m2 0.615 0.015
0.012 s1 0.305 0.009
0.013 s2 0.525 0.017
0.012 u1 0.261 0.009
0.013 u2 0.423 0.015
0.011 p1 0.273 0.009
0.014 p2 0.510 0.016
0.011 a1 0.236 0.009
0.013 a2 0.427 0.016
0.010 i2 0.069 0.016
0.013 i22 0.010 0.004
i32 0.027 0.001
d1 0.256 0.013
NA
0.257
0.199
59
37
1.023
0.764
0.074
(State 33232)
differences.
obility is level 3; 0 otherwise; sc1 if self-care is level 2, 2 if self-care
is level 3, 0 otherwise; pd1 if pain and discomfort is level 2, 2 if pain
3; 0 otherwise; ad 1 if anxiety and depression is level 2, 2 if anxiety
evel 3; 0 otherwise; N31 if any dimension is level 3.
lity is at level 3, 0 otherwise; difsc11 if self-care is at level 2, 0
ual activities is at level 2, 0 otherwise; difua2  1 if usual activities
2, 0 otherwise; difpd2  1 if pain and discomfort is at level 3, 0
ifad2 1 if pain and discomfort is at level 3, 0 otherwise; ANY13
level 3.
therwise; s1 1 if self-care is at level 2, 0 otherwise; s2 1 if self-care
u2  1 if usual activities is at level 3, 0 otherwise; p1  1 if pain and
evel 3, 0 otherwise; a1  1 if anxiety and depression is at level 2, 0
he number of dimensions not at level 1, minus 1; i2 the number of
mber of dimensions at level 3, minus 1, if no level 3 in any dimensionalte
02 m
oeff
0.310
0.457
0.123
0.271
0.066
0.161
0.169
0.268
0.099
0.167
0.073
0.055
0.419
0.447
0.106
0.085
0
5
1.083
0.782
0.469
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might support the claim that the EQ-5D descriptive system is rel-
evant for the Thai population.
The high level of inconsistent responses warrants comment.
Inconsistent responses are to be expected. The TTO questions are
unfamiliar and respondents will makemistakes. Themore funda-
mental reason is that respondents may have preferences for dif-
ferent attributes; however, when making choices with respect to
particular combinations of attributes, they are to some extent
forming their preferences. They were asked to make 10 such
choices sequentially, without the opportunity to revisit earlier
choices after making their later choices. Although dropping any
respondents from the analysis is unattractive in terms of both loss
of data and an increased potential for bias, the decision wasmade
that not to remove the most inconsistent respondents would be
more likely to undervalue the better health states and overvalue
the poorer health states.
The best ill health state scores were 0.766 with the Thai algo-
rithm, which indicates a pronounced ceiling effect, that is, any
departure from full health is associated with a substantial decline
in health state value. This has been observed previously with the
EQ-5D and the effect is more marked for Thailand than for other
countries such as Japan (0.812), Denmark (0.818), Zimbabwe
(0.857), the United States (0.860), the United Kingdom (0.883), The
Netherlands (0.897), South Korea (0.910), Argentine (0.921), and
Germany (0.999) [15,17,21–24,34–36].
Conclusion
An algorithm has been developed to value the EQ-5D health states
based on responses from a broadly representative sample of the
adult Thai population. This is the only generic means of valuing
health states using Thai preferences and should be used in pref-
erence to value sets from other countries when evaluating health
interventions in Thailand.
Source of financial support: Sirinart Tongsiri received funds
from International Health Policy Program (IHPP), Burden of Dis-
ease Program (BOD), and Health Intervention and Technology As-
sessment Program (HITAP), Ministry of Public Health, Thailand.
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